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Fuze  Reliability 

Slide  1:  Title  slide 

Thank  you,  Len.  It  is  a  pleasure  and  an  honor  to  be  speaking  to  the  fuze 
conference  today.  Fuzing  is  one  of  the  core  technologies  where  I  work;  more 
importantly,  fuze  reliability  is  critical  to  our  military  capability. 

My  purpose  here  today  is  to  offer  some  thoughts  on  a  common  interest  we 
all  share  as  users  of  fuze,  developers,  and  manufacturers;  namely,  fuze 
reliability.  Reliability  provides  the  soldiers,  sailors,  and  airmen  who  depend 
on  our  work  with  fuzes  that  enable  them  to  accomplish  the  mission. 

The  mission  of  a  fuze  can  be  described  in  simple  terms,  yet  this  belies  the 
complexity  required  to  accomplish  seemingly  contradictory  tasks,  namely: 

Slide  2:  Mission 

•  The  fiize  must  be  safe  for  the  user — ^that  is,  safe  to  manufacture,  store, 
handle,  and  deliver. 
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•  At  the  same  time,  it  must  be  lethal  to  the  enemy. 

Our  common  goal  as  members  of  the  fiize  community  is  to  provide  systems 
that  accomplish  this  double  mission — 100  percent  of  the  time.  It  is  safe  to 
say  we  have  not  yet  achieved  this  goal.  Before  we  look  forward  tolOO 
percent  reliability,  let’s  look  backward  to  where  we  have  been. 

In  1856,  Commander  Dahlgren  made  the  observation  that  without  a  good 
system  of  fuzes,  artillery  projectiles  would  be  “bodies  without  souls.”  I 
would  agree  with  that  observation  to  a  point,  but  would  rephrase  it  as 
“bodies  without  minds.”  The  commander  was  referring  to  the  technological 
evolution  from  solid  projectiles  to  bursting  shot  and  shells.  Just  as  it  is 
today,  precise  timing  was  essential  then.  With  case  shot  traveling  1200  feet 
per  second,  a  quarter  of  a  second  timing  error  would  result  in  a  burst  point 
error  of  100  yards.  (Ideally,  these  rounds  were  to  burst  50  yards  in  front  of 
the  enemy.) 

In  fact,  the  essence  of  the  fuze,  the  real  purpose  for  a  fuze,  lies  in  the  need 
for  weapons  to  “think,”  to  take  autonomous  action  once  they  have  been 
released  by  their  users.  The  fuze  must  know  whether  it  is  still  in  friendly 
hands  or  being  delivered  to  enemy  hands. 


The  advance  of  other  aspects  of  military  technology  has  been  matched  by 
the  evolution  and  refinement  of  the  fiize.  The  ability  to  project  weapons  to 
greater  distances,  and  thus  greater  standoff  from  “harms  way,”  means  the 
projectiles  or  weapons  need  to  function  autonomously  well  after  they  have 
been  released.  A  certain  complexity  in  the  warhead  is  also  implied. 

Slide  3:  Spanish  16”  Pedrero  (1788)  '‘Basket  of  Stones” 

Rocks,  sticks,  clubs,  arrows,  and  other  kinetic  energy  rounds  do  not  need 
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fuzes.  The  stone  mortar,  vintage  late  18  century,  was  one  such  delivery 
system  for  kinetic  energy  projectiles.  Round  stones,  roughly  the  size  of  a 
man’s  fist,  were  loaded  into  a  basket  and  lowered  into  the  bore  of  the  stone 
mortar.  The  primitive  charge  was  fired  into  the  air  against  a  defensive 
position  at  close  range.  The  stones  would  descend  on  the  enemy;  brainless 
projectiles,  no  fuzes. 

The  American  Civil  War  marked  a  transition  from  traditional  weaponry  to 
many  modern,  more  intelligent  weaponry  concepts.  Some  people  have 
referred  to  the  American  Civil  War  as  the  first  modem  war  because  of 
innovations  such  as  the  submarine,  machine  gun,  military  rocket,  and  a 
proliferation  of  fuzed  projectiles.  So  many  variations  of  guns,  projectiles, 
and  fuzes  existed  that  the  military  leaders  and  logisticans  of  both  sides 


lamented  the  confusion.  They  called  for  a  reduction  of  the  number  of 
variants  and  the  standardization  of  fuze  setting  procedures.  If  this  sounds 
familiar,  it  is.  We  are  currently  struggling  with  the  same  issues  of  fuze 
commonality  across  weapon  types  and  NATO  standardization  for  setting  of 
all  types  of  fuzes. 

Slide  4:  Wooden  powder  fuze  and  time  gradation  +  table  of  fire 

The  first  projectile  time  fuzes  consisted  of  tapered  cylinders  of  wood, 
hollowed  out  and  packed  with  a  composition  of  gunpowder  moistened  with 
whiskey  or  alcohol.  When  dry,  the  rate  of  binning  would  be  determined  by 
experiment  and  marked  on  the  fuzes  in  the  lot. 

The  gunner,  after  learning  the  range  to  the  target,  determined  the  elevation 
and  flight  time  from  a  table  similar  to  the  one  shown.  A  certain  amount  of 
mathematical  skill  was  expected  in  order  to  interpolate  from  the  ranges 
given  in  the  table.  The  fuze,  marked  in  tenths  of  inches,  was  set  by  cutting  it 
to  the  proper  length  with  a  fuze  saw:  the  first  fuze  setter.  You  can  tell  this 
soldier  is  new  to  the  job:  he  still  has  both  hands.  As  you  know,  accuracy  and 
repeatability  are  absolutely  essential  to  the  effectiveness  of  time  fuzed 
weapons.  This  process  did  not  have  it.  The  burn  rate  of  the  composition 
packed  into  the  wooden  tubes  was  variable.  The  packing  resulted  in  uneven 


stratification  of  the  powder.  The  brand  and  proof  of  the  whiskey  used  in  the 
process  may  also  have  affected  the  outcome. 

Slide  5:  Paper  fuzes,  including  papers 

To  resolve  this  problem  and  improve  fuze  repeatability,  North  and  South 
both  upgraded  this  primitive  approach  by  developing  the  paper  fuze.  Paper 
fuzes  were  factory  made  and  color-coded:  yellow  burned  five  seconds  to  the 
inch,  green  seven,  and  blue  ten.  The  Union  ordnance  department  decreed 
that  only  the  Frankford  Arsenal  could  manufacture  paper  fuzes.  This  was 
done  to  ensure  a  consistent  controlled  process,  with  uniform  material  to 
ensure  a  repeatable  product. 

The  Confederate  ordnance  bureau  could  not  afford  this  luxury,  and  the 
variability  of  their  fuzes,  in  comparison  to  those  of  their  Union  counterparts, 
was  a  regular  source  of  frustration  to  the  Confederate  artillery.  Whether  with 
wooden  or  paper  fuzes,  however,  the  job  of  the  Civil  War  artilleryman  was 
dangerous.  Both  wooden  composition  and  paper  fuzes  continued  to  suffer 
from  the  shocks  of  the  field  environment,  which  tended  to  break  up  the  solid 
composition,  allowing  fire  to  penetrate  too  quickly  to  the  main  charge,  with 
disastrous,  gun  exploding  consequences. 
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Slide  6:  Federal  and  Confederate  Bormann  time  fuze  and  shells  with  fuzes 
installed 

The  next  advance  in  the  time  fuze  was  named  after  its  inventor,  Belgian 
Army  Captain  Charles  G.  Bormann.  The  Bormann  time  fuze  was  a  Belgian 
state  secret  for  many  years,  until  it  was  leaked  in  the  1850s. 

This  fuze,  like  the  paper  and  wood  fuzes,  was  placed  into  a  hole  in  the 
cannonball.  The  hollow  inside  the  cannonball  was  filled  with  explosives. 
The  cannonball  had  to  be  correctly  loaded  into  the  gun  barrel — fuze  to  the 
front.  If  the  cannonball  was  not  correctly  oriented,  the  fuze  would  initiate 
prematurely.  The  Bormann  fuze  was  also  a  pyrotechnic  delay  fuze,  but  the 
bum  consistency  was  much  more  repeatable,  given  proper  process  control. 
As  an  added  benefit,  the  setting  process  was  quicker.  To  set  the  fuze,  the 
gunnery  crew  would  punch  a  hole  in  the  soft  pewter  face  of  the  fuze.  The 
number  indicated  the  time  required  to  burst.  Setter  technology  had  evolved 
from  the  fuze  saw  to  the  hole  punch.  The  powder  inside  the  fuze  was  ignited 
through  the  hole  by  the  propellant  flame  as  it  swept  around  the  projectile. 

The  Bormann  fuze  became  the  Union  standard  for  spherical  case  shot  but 
ended  up  being  a  nightmare  for  the  Confederacy.  After  large  quantities  of 
their  ammunition  had  been  fuzed  with  the  Bormann  fuze,  field  reports 
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indicated  that  fully  four-fifths  of  the  Confederate  Bormann  fuzed  shells 
exploded  prematurely,  and  very  many  of  them  in  the  gun.  A  lengthy 
investigation  found  the  trouble  to  be  in  the  sealing  of  the  horseshoe  channel 
containing  the  composition.  The  shock  of  discharge  would  unseat  the  horse¬ 
shoe  shaped  plug  that  protected  this  channel  and  allow  the  flame  from  the 
propellant  to  bypass  the  composition,  reaching  the  charge  of  the  shell 
prematurely.  As  the  result  of  infantry  casualties  from  their  own  guns  during 
the  Battle  of  Fredericksburg,  the  Confederacy  decided  to  abandon  the 
Bormann  fuze.  Artillery  reverted  to  the  older,  but  easier  to  manufacture, 
paper  fuze. 

As  the  Civil  War  progressed,  the  use  of  rifled  guns  became  more  prevalent 
due  to  their  increased  accuracy  and  range.  The  projectiles  for  these  new  guns 
evolved  from  spherical  case  shot  to  the  more  familiar  cylindrical  shells  we 
have  today.  This  projectile  shape  meant  the  impact  point  of  the  shell  could 
be  better  predicted,  compared  to  spherical  shells  or  cannonballs.  This  fact 
lead  to  a  new  type  of  fuze  called  the  percussion  fuze,  or  as  we  would  call  it 
today,  the  impact  fuze.  These  fuzes  were  sometimes  combined  with  time 
fuzing  pyrotechnic  delays,  and  thus  the  combination  fuze  was  bom.  This 
fuze  could  be  set  for  time  or  impact,  with  each  function  usable  separately  or 
in  combination. 
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Slide  7:  Armstrong  Efuze 


Dozens  of  these  fuzes  proliferated  during  the  conflict,  but  the  most 
successful  design  was  the  Armstrong  “E”  Fuze,  so  named  because  it  took 
five  revisions  to  get  it  right,  and  “E”  is  the  fifth  letter  of  the  alphabet.  The 
Armstrong  E  fuze  was  fairly  reliable  and  remained  in  British  Army  service 
until  the  1890s. 

The  advent  of  World  War  One  generated  another  flurry  of  technological 
advances.  Gone  were  the  old  spherical  case  shot  rounds.  Safety  became  a 
much  more  achievable  and  required  function. 

Slide  8:  Mark  V point  detonating  fuze 

A  good  example  of  this  design  for  safety  is  provided  by  the  Mark  Five  point 
detonating  fuze  used  in  the  seventy-five  millimeter  guns  of  the  day.  This 
design  was  adapted  from  the  French,  with  the  American  addition  of  the 
interrupter  for  extra  safety.  While  the  shell  using  this  fuze  was  being 
accelerated  in  the  gun  bore,  the  interrupter  would  remain  in  the  safe  position, 
blocking  the  explosive  train  from  premature  function  and  making  the  round 
bore  safe.  Once  outside  the  muzzle,  the  interrupter  withdrew — as 
acceleration  ceased — to  allow  the  explosive  train  to  propagate. 
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Fuze  technology  continued  to  progress  from  strictly  pyrotechnic  timing  to 
mechanical  “clockwork”  timing,  and  eventually  encompassed  proximity 
fuzing.  The  proximity  fuze  becomes  possible  when  you  can  instill  enough 
intelligence  in  the  fuze  to  establish  its  burst  point  not  in  reference  to  “where 
it  has  been,”  but  rather  in  reference  to  “where  it  is  going.”  The  explosion  of 
electronic  technology  in  the  mid  and  late  twentieth  century  has  enabled  us  to 
continuously  expand  the  autonomous  decision-making  capability  of  the  fuze. 

Slide  9:  Variable  Time  (VT)fuze 

The  first  radio  frequency  artillery  fuze  was  developed  during  World  War 
Two.  William  T.  Moye,  historian  for  the  U.S.  Army  Research  Laboratory, 
has  said,  “Its  development  ranks  with  the  maturation  of  radar  and  the  atomic 
bomb  as  the  major  scientific  achievements  which  contributed  to  the  allied 
victory.” 

The  variable  time,  or  VT  fuze  (so  named  to  conceal  its  true  proximity 
function),  was  developed  by  Division  Four  of  the  National  Defence 
Research  Committee  (the  NDRC)  under  the  leadership  of  Dr.  Alexander  H. 
Ellet  and  Harry  Diamond.  The  major  challenge  was  to  develop  sensors  that 
could  withstand  the  high-g  forces  of  gun  launch.  There  were  smaller 
challenges,  too.  Wax  often  disappeared  from  the  fuzes  because  the  soldiers 
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found  that  it  made  good  chewing  gum.  The  VT  fuze  marked  the  beginning 
of  the  modem  era  of  electronic  fuzing,  and  its  production  in  the  mid  1940s 
occupied  much  of  the  U.S.  industrial  capacity  in  both  electronics  and 
plastics.  Its  impact  on  the  enemy  was  devastating,  even  though  it  was  fielded 
late  in  the  war.  General  Patton  wrote  “. .  .the  new  shell  with  the  funny  fuze  is 
devastating. . ..  I  think  that  when  all  armies  get  this  shell  we  will  have  to 
devise  some  new  method  of  warfare.  I  am  glad  that  you  all  thought  of  it 
first.” 

Slide  10:  Family  of  current  fuzes 

The  VT  was  the  forefather  to  the  current  family  of  high  performance 
projectile  fiizes.  Interestingly  enough,  today  we  work  to  standardize  to  a 
small  compatible  family  of  fuzes,  just  as  our  Civil  War  predecessors  did  140 
years  ago.  The  assortment  of  point  detonating,  time,  and  proximity  fuzes  has 
found  a  hybrid  offspring  in  the  Multi-Option  Fuze  for  Artillery,  or  MOFA. 
The  M762  is  today’s  primary  time  fiize;  and  the  Mark  399  is  the  standard 
fuze  for  military  operations  in  urban  terrain. 

Throughout  this  brief  survey  of  fiize  history  I  have  concentrated  on  cannon 
projectile  fuzing  because  of  its  long  and  well  documented  technoloby.  The 
technological  growth  of  fuzes,  however,  has  impacted  almost  all  devices 
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utilizing  a  warhead — from  submunitions  and  hand  emplaced  weapons  to 
bombs  and  missiles.  The  impact  of  fuze  effectiveness,  including  safety, 
reliability,  and  repeatability,  has  been  crucial  to  our  warfighters  in  the  past. 
It  wiU  be  even  more  so  in  the  future.  When  I  began,  I  mentioned  the 
objective  of  delivering  exceptional  reliability  in  our  fuzes.  What  progress 
has  been  made  in  the  last  century  and  a  half?  Although  data  is  sparse  as  we 
move  further  into  the  past  along  the  fuze  timeline,  there  are  some  known 
facts. 

Slide  11:  Comparative  fuze  table 

During  the  siege  of  Petersburg,  fuze  reliability  data  was  kept  for  various 
Union  fuzes  over  a  nine-month  period  during  1864  and  1865.  The  range  in 
reliability  is  surprising,  with  the  best  fuzes  performing  at  85  percent  and  the 
worst  at  53  percent.  We  have  improved,  as  can  be  seen  from  more  recent 
reliability  data  taken  from  a  mechanical  time  fuze  and  a  more  modern 
electronic  time  fuze.  We  now  need  to  look  forward  and  establish  our  goals 
for  the  future  as  we  strive  for  continuous  improvement  in  quality,  in 
repeatability,  in  reliability. 
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Slide  12:  Fuze  quality  path 
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To  achieve  these  goals,  we  can  use  the  Fuze  Quality  Path,  a  derivation  of 
Quality  Functional  Deployment,  or  QFD.  It  is  a  sequence  of  four  matrices  or 
phases,  each  essential  to  final  fuze  performance.  ITl  briefly  describe  each 
phase. 

The  first  phase  is  an  early  and  clear  understanding  of  fuze  requirements.  We 
have  made  good  progress  in  our  working  together  as  Integrated  Product 
Teams,  or  IPTs.  We  need  to  continue  this,  starting  it  even  earlier  in  the 
process,  ensuring  that  the  user’s  need  is  clearly  met,  documented,  and 
communicated  to  the  developer  and  producer. 

With  a  clear  requirement  in  mind,  our  next  challenge — ^phase  two —  is  to 
ensure  that  this  requirement  is  met,  with  margin.  In  effect,  QFD  allows  us  to 
perform  a  sensitivity  study  on  our  fuzing  system.  This  in  turn  identifies  and 
prioritizes  the  key  parameters  that  must  be  carefully  tested  and  monitored 
during  the  development  process  to  ensure  that  the  design  margin  is  inherent 
in  the  new  fuze.  This  is  the  single  biggest  challenge  to  all  of  us  in  the  fuze 
community  today:  identifying  the  correct  system  performance  metrics  early, 
adjusting  them  if  required  during  Engineering  and  Manufacturing 
Development,  and  tracking  them  relentlessly  throughout  the  whole  process. 
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Phase  three  translates  the  critical  part  characteristics  into  critical  process 
parameters.  We  select  the  best  processes  for  part  manufacture  and  assembly 
and  identify  the  parameters  that  we  must  control  through  production. 
Analyzing  the  coefficients  of  variation  and  the  process  capability  of  the  key 
steps  in  the  process  improves  the  repeatability  of  the  fuze. 

What  we’ve  learned  in  the  first  three  steps  can  now  be  fed  into  phase  four, 
production  planning.  This  is  where  all  of  the  previous  lessons  and  results 
come  together  in  a  workable  production  package  that  can  direct  shop  floor 
actions,  so  that  we  clearly  understand  and  control  what  we  must  do  to  meet 
the  customer’s  expectations  and  the  warfighter’s  needs. 

Slide  13:  In-family  Management 

Statistical  process  control,  or  SPC,  is  key  to  achieving  repeatability  in  our 
fuze  products  and  processes.  In-family  management  ensures  that  our 
processes  and  products  are  of  consistent  quality  as  opposed  to  simply  being 
within  specification.  This  means  that  only  those  products  falling  within  the 
two  sigma  limits  are  automatically  accepted.  Products  between  two  and  three 
sigma  are  reviewed  for  acceptance,  while  those  beyond  three  sigma  we 
accept  only  on  an  exception  basis.  A  step  improvement  in  overall  fuze 
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repeatability  will  be  achieved  when  we  all  realize  that  for  these  key 
products,  for  our  military,  just  being  within  specification  is  not  good  enough. 

A  third  quality  improvement  tool  for  the  future  is  Process  Owner  Reviews. 
This  simple  yet  powerful  concept  makes  systematic  the  periodic  review  of 
the  overall  production  process.  All  changes,  no  matter  how  insignificant,  are 
analyzed  and  discussed  before  incorporation  into  fuze  production.  There  is 
no  such  thing  as  a  small  change. 

In-family  management  and  process  owner  reviews  help  ensure  repeatability. 
They  provide  a  basis  for  each  of  our  respective  organizations  to  build  on, 
both  separately  and  in  cooperation.  Our  path  to  excellence  can  be 
summarized  in  three  words:  communication,  cooperation,  and  control. 
Communication  in  jointly  defining,  understanding,  and  documenting  fuze 
requirements  that  meet  the  users’  needs.  Cooperation  in  working  together  on 
IPTs  to  ensure  that  the  user’s  requirements  are  implemented  in  robust  fuze 
designs.  Control,  in  establishing  and  maintaining  disciplined  fuze 
manufacturing  processes. 

Commander  Dahlgren  complained  in  1856  that  “no  advocate  of  any 
particular  fuze  could  say  more  than  ‘it  will  fail  in  fewer  cases  than  any 
other.’”  No  worse  than  the  other  guy.  He  was  irritated  by  this  attitude  and  I 
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don’t  blame  him.  We  must  all  commit  ourselves  to  continuous  improvement. 
We  need  to  build  on  the  accomplishments  and  lessons  learned  from  our 
predecessors,  and  leave  clear  markers  for  our  successors  on  the  path  to 
perfect  quality. 

Slide  14:  MR  never-makes-a-dud 

With  apologies  to  Gary  Larson,  I  leave  you  with  this  thought.  Mr.  Never- 
Makes-a-Dud  may  know  the  secret  to  perfect  quality,  but  he  should  share 
that  knowledge  to  create  a  repeatable  process  for  the  industry. 

I  have  great  respect  for  the  creative,  intelligent,  dedicated  people  in  the  fuze 
business,  many  of  whom  are  at  this  conference.  I  know  you  are  as 
determined  as  I  am  to  deliver  high  performance,  repeatable,  reliable  fuzes  to 
our  kids,  whose  lives  rely  on  that  reliability. 

Thank  you. 
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President  and 
Chief  Operating  Officer 
Aliiant  Techsystems 
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2.  T10381-1  ppt  (riuthor) 


Kinetic  energy  projectiles  don’t  need  fuzes 
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The  Stone  Mortar,  1788 


The  Wooden  Powder 


OUSD  (A&T)/S&TS/OM  (703)  695-1382 

Room  3B1060  DSN  225-1382 

3090  Defense  Pentagon  Fax  (703)  614-3496 

Washington,  DC  20301-3090  E-Mail:melitaaj@acq.osd.mil 
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A  View  oint  from  OSD 


cquisition  Reform 


Deputy  Dir..  S&TS,  Munitions 
Mr.  Anthony  Melita 
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DoD  ORGANIZATION 


and 

Acquisition  (RD&A) 


FFICE  OF  MUNITIONS 


Conventional  Munitions  Demilitarization 
Fuzing  Technology 

Capabilities-Based  Munitions  Requirements  (CBMR) 
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RESOLUTION  TO  IM  AND  MUNITION  DESIGN  SAFETY  ISSUES  VIA  A 
NATIONAL  FOCAL  POINT  OFFICER  (NFPO) 

U.S.  NIMIC  NFPO:  Ms.  Vicki  Brady  760/939-7342 
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FISCAL  YEAR 


SBILUON  FYOO 
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FISCAL  TRENDS 

Total  Munitions  RDT&E  and  Procurement 


FISCAL  YEAR 
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FISCAL  TRENDS 

Munitions  Procurement 


FISCAL  YEAR 
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FISCAL  TRENDS 

Service  Ammunition  Procurement 


1985  1986  1987  1988  1989  1990  1991  1992  1993  1994  1995  1996  1997  1998  1999  2000  2001  2002  2003  2004  2005 

FISCAL  YEiW 
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FISCAL  TRENDS 

Total  Munitions  and  Fuze  Procurement 


1985  1986  1987  1988  1989  1990  1991  1992  1993  1994  1995  1996  1997  1998  1999  2000  2001  2002  2003  2004  2005 
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FISCAL  TRENDS 

otal  Munitions  and  Fuze  Procurement,  Log  Scale 
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FISCAL  YEAR 


FISCAL  TRENDS 

Service  Fuze  Procurement 


etc. 
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Acquisition  Reform 


e.  Standard  Practices. 

f.  Military  Practices. 

g.  Non-government  Standards. 


Acquisition  Reform 

Documents  not  Requiring  Waivers 


specification  or  standard  that  describes 
management  or  manufacturing  processes  in  a 
Major  Defense  Acquisition  Program. 
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Acquisition  Reform 

Documents  Requiring  Waivers 


Air  Force  requires  waivers  for  all  Specs  &  STDs 
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Acquisition  Reform 

Status  of  Fuze  Related  Specs  &  STDs 


Please  fill  out  the  cards  available  at  the  back  of 
the  room  and  place  them  into  the  box. 
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Acquisition  Reform 
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Backup  Charts 


1985  1986  1987  1988  1989  1990  1991  1992  1993  1994  1^5  1996  1997  1998  1999  2000  2001  2002  2003  2004  2005 
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FISCAL  TRENDS 

Army  Fuze  Procurement 


1985  1986  1987  1988  1989  1990  1991  1992  1993  1994  1995  1996  1997  1998  1999  2000  2001  2002  2003  2004  2005 

FISCAL  YEAR 
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FISCAL  TRENDS 

Air  Force  Fuze  Procurement 


1985  1986  1987  1988  1989  1990  1991  1992  1993  1994  1995  1996  1997  1998  1999  2000  2001  2002  2003  2004  2005 

FISCAL  YEAR 


FISCAL  TRENDS 

Navy  /  USMC  Fuze  Procurement 
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IM  ORIENTED  SOFTWARE 

IWI  ISSUE  REPORTING/RESOLUTION 

OUTPUT  FROM  WORKSHOPS 
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NIMIC  PROCESS/PRODUCTS 
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Tank-automotive  &  Arinaiients  Command 


digitized  torce  •  World  Class  C4ISR 

Information  Dominance  .  Medium  Weight  Force 

System  Upgrade  to  Maintain  .  Evolutionary  Technologies 

Overmatch  .  Reduced  Logistics  Tail 


048 


operating  Rang  _  Redundant,  Long  Range  Target 

No  More  Th  Detection 

-  System  Lethality  to  50  km 

-  Advanced  Munitions 
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•  Paladin/M198/JLW155:  37  Km  Raytheon/TI  S;S^stems 
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-  Range  &  Deflection 
Correction  -TOm  x  56ni 


Sysitein 
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XM782MOFA 


0"4 


TECHSYSTEM S  TERM^ICE  PROJECTIiE  DEPLOYED 


50%  Reduction  in  Time-of-Flight  to 
Maxinuiin  Efifeciive  Rangie  ys/^4^ 

Gi-feai^r  than  SpO%^  R 
Iiicapaeitatidn  Increase 
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Today’s  Projected  Production  Production 
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061 


062 


An  Investment  in  Fuze 
TeGhnology  Allows  Transitio^n 
Critical 

Advanced  Munitions  Systems 
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Tech  Base 

Meturn  on  Investments 
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'^Burld  the  Army  Acquisition  Corps  of  the  future. 

-^Mature  and  weaponize  critical  technologies  for  the  Army 
After  Next.  First  Digitized  Division  /  First  Digitized  Corps. 

-f^Reduce  the  Life  Cycie  Cost  of  our  missile  systems  by  20% 
during  the  period  FY98-FYOO. 
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PEO  TM  Army  Fuze  Forum  99 
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A  GOOD  HTI  OPPORTUNITY 
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HTI  FUZES  FOR  TACTICAL  MISSILES 


PEO  TM  Army  Fuze  Forum  99 
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ESAF 


PEO  TM  Army  Fuze  Forum  99 
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CESAF  REMAINING  TESTS 


PEO  TM  Army  Fuze  Forum  99 
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CESAF  PRODUCTION 
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ER-MLRS  DESCRIPTION 


PEO  TM  Army  Fuze  Forum  99 


EXPLODED  VIEW  OF  THE 
XM451  FUZE  ASSEMBLY 


XM451  fuzes  currently  being  delivered  to  LMVS  for  ER,  US  and 
FMS  production 
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PEO  TM  Army  Fuze  Forum  99 


XM235  SELF  DESTRUCT  FUZE 
ARMING  /  DETONATION  SEQUENCE 


Began  production  of  M26A2  (with  M77):  Feb  98 
Decision;  24  Apr  98 
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SELF  DESTRUCT  FUZE  (SDF)  STATUS 


Continue  low  level  engineering  design 
effort  to  modify  “old”  mechanical  fuze  (M223) 
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SELF  DESTRUCT  FUZE  (SDF)  STATUS 


PEO  TM  Army  Fuze  Forum  99 


EARTH  RENETRATOR 
RROEiRAM 


Potential  Army  savings  $10l\/l,  24 
months  in  development 
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POTENTIAL  FUZES  FOR 
ATACMS  EARTH  PENETRATOR 


PEO  TM  Army  Fuze  Forum  99 


c  o 

■0  o 


m  2 

30  2 
(/}  O 

0)  pi 

m 

(/)  > 


1 


> 

30 

m 

■D 

O 

(/) 

w 

oo 


os:? 


POINTS  TO  PONDER 


Future  Fires  Command  and  Control 
Command  and  Control  Fires  on  the  Future  Battlefield 
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/  Integration  and  Synchronization  of  All  Effects  From  One 
Organization-the  “Maneuvering  of  Effects” 
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e-Dynamic  Weapon  Syste 
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protects  the  soldier  and  the  system. 


o  2 

^  (0 

■D  C 

1° 

si 

0  Ef 

3  S. 

D)  3 
3  ^ 


< 

0 

-*  0 

O  -D 
O 

0  :* 
0 


o  > 

f?: 

3  & 

3  ^ 

Q.  0 

^  3 

0  3 

^  S 

■D  O 

0  =r 

^  0 
13 

0  Q. 

■o  = 

“x  3 

*5'  0 

0  vcj 

o  a 

o  0 
3  3 


^  0 


3  > 

II 

O  c 

Q.  0 

o 

0  ^ 
0  3 

ai  o 

cf  3 
0  ^ 
3 

0  ^ 

ii 

0  s 

-t  ^ 

S'  ° 

o  2 

~t»  ZL 
?  0 
O  SI 


(Q  O  > 

3"  3  0 

r*  Zi 

^30 

T  SI 

m  0 

0  3  I 

0  Q.  O 

<  0  • 

a  3  5 

0  Q.  0 
3  O  0 

^03. 
o  a  o 

3:  3  o 

0  2.  o 

3  rt. 

3  5t3 

0  0  3i* 
X  ^  g 

■5  ®  I: 

—  S'  =■ 

S  P*  (D 

I®  I 

J-  o  <D 
<  <D 

a 


5 

(A 

I 


097 


sr 

iS'  ^  Sr 

■'«!§ 


098 


World  Rankings: 


Q 

CD 

m 

m 


r*® 

CD 

m 


"n 

m 


m 


O 

m 

m 

c 

m 


m 

m 


» 

S5$S^^ 

JSSSSj; 


5^1 


R$5$$?«§ 


■ 

lilt 


P 


.»>>>>>»VJJJJW\\WSS%SSSSWW55 


■ 


sg55SS 


5SSJ& 


&»54S 


102 


I 


Interface  with  Army  Battlefield 
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Embedded  Battle  Command 
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Communication  via  Tactical  Internet 
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First  U.S.  Artillery  Overmatch  Since  WWII 
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Leveraging  On-Going  Technologies 
For  Future  Combat  Vehicle  Needs 
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New  Development  -^Everyone  Gets  What  They  Want 
-  Long  Development  and  Lots  of  $ 
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Guidance 
&  Control 


Tank  Extended  Range  Munition  (TERM) 
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Tank-automotive  &  Armaments  COMmand 
Committed  to  Excellence 


Parting  Thoughts 
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program  to  achieve  the  objectives 

Track  2:  DARPA  lead.  Investigate  maneuver  denial 
approaches  that  are  more  innovative  and  that  take 
advantage  of  advanced  technologies 
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and  fielding  suitable  alternatives  to  our  APL  and  mixed  anti-tank  systems  by  then. 
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exploaea  oy  me  presence,  proximity  or  contact  or  a  pers 
that  will  incapacitate,  injure  or  kill  one  or  more  persons. 
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NSD-A  Ground  Rules 
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NOTE:  Funded  through  POM  years 


Safety  Indications  Need  To  Be  Acknowledged 
From  A  Distance 


*  • 

CfQ 


O 

a 

r-^ 

in 


H 

XT 

P 


P  ^ 

K*  <D 
1-3 

O  S 

O  tl; 


3 

o 


p 


p 

I— *  ■ 

3 


I  o 
9  u 

I  ^ 

B  CD 
p  ^ 

S 


^  O  CD 


o 


p 

N 

P 

P- 

o 

p 

<n 


O 

P 

o 


S. 

o' 

CD 


_  >-i 

O  p 

hO  ts 


O 


CD 

P 


c/3 


c/3 

C/3 

h- ‘  ■ 

o 

p 


3 

CD 

P 


^  o 


o 

Dot  >d 

O  P"  Q 


?  8 

^  K-j  CD 


P 

CP 


V  I 


o 

rXT 

H-*  • 

CD  ^ 
C/3  CD 


•  Integrate  into  an  overall  Area  Denial  System  that  will 
provide  for  Unmanned  Terrain  Dominance 


a" 

CD 


159 


15  month  Concept  Exploration  Phase 

APLA  programs  funded  through  POM 
years 
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Parting  Thoughts 


f  April  1999 
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Ammunition  Production  Base 
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Ammunition  Impacting  the  Fuze  Base 
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Current  Fuze  Stockpile 


M:\Briefing\Fuze99.ppt  4/13/99  16:27  Slide  #  20  Of  24 


180 


Time  Fuze  Inventory 


Awarded  Fuze  EED  Contract 

-  Response  to  Industry  Concerns  and  Government  Study  in  FY97 

-  Developing  Qualified  Source  for  EEDs 
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Electro-Explosive  Devices 
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Closing  Comments 
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NAVAL  SEA  SYSTEMS  COMMAND 
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NA  VAL  SEA  SYSTEMS  COMMAND 
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>  Inductively  Set  Message 
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>  Type  Qualification:  FY99 
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Testing 

-  Development:  June  99 

-  Qualification:  December  99 
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>  Slapper  Disadvantage 

-  excessive  amount  of  energy 
required  to  function  reliably 
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NSWC  Dahlgren 

Atlantic  Aerospace  &  Fermionics 
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clear  &  under  CMs  (smoke,  defllade,  netting) 
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IR  Energy  Propagation 
Detector  &  Circuit  Response 
Warhead  Lethality 
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3.  Optics  Assembly  Evaluated  4.  Actual  Fuze  Performance  Assessed 


Alliant  Techsystems 
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NAVAL  SEA  SYSTEMS  COMMAND 


Current  &  Rise  Time 
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Detonator  Output  to  Ignite 
Expel  Gas  Generator 
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>  Major  Components 

-  Lightweight  Laser  Designator  Rangefinder  (LLDR) 

-  Rugged  Handheld  Computer  (RHC) 

“  Target  Hand-off  Software  (THS) 
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Processing  of  Energetic  Materials  at  Thiokol’s  19nini  Twin  Screw  Extrusion  Facility 

Andrew  C.  Haaland,  Quinn  Barker,  and  Michael  T.  Rose 

Thiokol  Propulsion,  a  Division  of  Cordant  Technologies 
Brigham  City,  Utah  84302-0707 

Abstract 

A  19mm,  25  1/d  twin  screw  extrusion  (TSE)  facility  has  been  built  and  used  for  processing  energetic 
materials.  The  extruder  is  equipped  with  four  independent  temperature  control  zones,  segmented  screws,  a 
jacketed  die  block  capable  of  accepting  various  dies,  and  a  remote  control  capability.  The  facility  has  been 
equipped  with  loss  in  weight  (LIW)  feed  systems  for  raw  material  handling  and  has  vacuum  capability. 

Data  monitoring  capabilities  include  melt  temperature  and  pressure,  torque,  screw  speed,  and  temperatures 
in  all  of  the  control  zones.  A  variety  of  post  processing  equipment  has  also  been  designed  and  fabricated 
for  use  in  manufacturing  various  different  extrudate  geometries.  A  summary  of  extruder  design 
considerations,  facility  issues,  and  lessons  learned  in  operating  the  extruder  during  the  processing  of  various 
energetic  material  formulations  will  be  discussed  in  this  paper. 

Introduction 

Thiokol  Corporation  has  been  involved  in  the  development  of  twin  screw  extrusion  technology  since  the 
early  1980’s.  Beginning  in  1982,  a  company  funded  IR&D  program  was  initiated  to  evaluate  process 
requirements  for  the  production  of  LOVA  gun  propellant.  This  project  marked  the  start  of  over  $3M  in 
R&D  and  capital  expenditures  made  by  Thiokol  to  support  continuous  processing  of  energetic  materials  in  a 
58mm  twin  screw  extruder  (TSE)  at  the  Longhorn  Army  Ammunition  Plant  (LAAP).  As  a  result  of  the 
initial  program,  twin  screw  extrusion  was  found  to  offer  significant  technical  advantages  over  batch 
processing  of  energetic  materials  in  the  areas  of  safety,  environmental  issues,  product  quality,  cost 
reduction,  and  processing  flexibility. 

The  Thiokol  LAAP  extrusion  facility  utilized  a  Werner  &  Pfleiderer  (W&P)  ZSK-58EH  split  barrel  twin 
screw  extruder  for  the  processing  of  energetic  materials.  The  design  of  this  machine  evolved  as  a  result  of 
extensive  evaluation  of  early  modular  barrel  twin  screw  extruders  at  NSWC  Indian  Head,  Massachusetts 
Institute  of  Technology,  NSWC  White  Oak,  ICT  Fraunhofer  Institute,  and  Thiokol  LAAP.  Detailed 
hazards  analysis  specific  to  energetic  materials  production  were  conducted  on  these  modular  barrel 
extruders  which  identified  significant  potential  safety  hazards  with  existing  extruder  designs.  Results  of 
these  safety  analyses  and  extensive  safety  testing  including  full  scale  ignition  tests  of  a  modular  barrel 
extruder  loaded  with  energetic  material  led  to  specific  design  requirements  for  an  extruder  optimized  for 
production  of  energetic  materials.  A  joint  design  effort  between  LAAP  and  W&P  was  initiated  which 
resulted  in  the  split  barrel  extruder  design  designated  ZSK-58EH  with  specific  features  and  safety 
enhancements  to  allow  processing  of  energetic  materials.  A  ZSK-58EH  TSE  was  fabricated  and  installed  at 
LAAP  during  the  mid  1980’^.  This  extrusion  facility  began  processing  energetic  materials  in  198§’^. 

Thiokol  LAAP  demonstrated  the  use  of  58mm  twin  screw  extrusion  technology  during  the  execution  of 
several  different  energetic  material  programs  during  the  late  1980’s  and  early  1990’lr^.  Formulations 
produced  with  this  processing  technology  included  propellants,  explosives,  and  pyrotechnics.  Not  only 
were  the  basic  mixing  and  extrusion  issues  related  to  the  production  of  each  type  of  formulation  quantified, 
but  valuable  system  design  information  was  gathered  and  improvements  were  made  to  the  ancillary 
equipment  and  processes  that  support  the  overall  manufacturing  technology.  Methods  suitable  for  feeding 
both  liquid  and  solid  raw  materials,  for  addition  and  removal  of  solvents  to  in-process  material,  and  for 
waste  minimization  were  also  developed.  Table  1  below  lists  the  types,  formulations,  and  quantities  of  the 
energetic  materials  that  have  been  produced  using  the  58mm  TSE. 
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Table  1.  Energetic  Materials  Produced  at  LAAP  using  58mm  TSE  Technology. 


Material  Ingredients  Quantity,  lbs 

Rocket  Propellant  AP,  Al,  HTPB,  IPDI  500 

PAX-4  High  Explosive  CAB,  HMX ,  DEGDN,  TEGDN  1 000 

PAX-2A  High  Explosive  CAB,  HMX,  BDNPA/F  1 000 

M39  LOVA  Gun  Propellant  CAB,  Ethyl  Centralite,  Ethyl  Acetate,  NC,  RDX  200 

M43  LOVA  Gun  Propellant  CAB,  Ethyl  Centralite,  BDNPA/F,  NC,  RDX  200 

TPE  LOVA  Gun  Propellant  LRG-999,  RDX,  NC  150 


In  order  to  consolidate  processing  capability,  the  58-mm  TSE  facility  installed  at  LAAP  was  relocated  to 
the  Thiokol  Wasatch  Plant  located  in  Utah  during  1997.  All  of  the  extrusion  processing  equipment 
previously  located  at  LAAP  has  been  transferred  to  the  Utah  plant  and  is  currently  being  thoroughly 
refurbished  and  reinstalled.  Inert  energetic  material  processing  operations  began  at  the  new  facility  in  June 
of  1998,  and  live  processing  of  energetic  materials  are  currently  being  conducted  to  support  contract 
delivery  requirements. 

Background 

Extrusion  processing  capability  was  enhanced  at  Thiokol  Corporation  in  1996  with  installation  of  19mm 
B&P  Process  Equipment  TSE  at  Thiokol  Wasatch  Science  and  Engineering  (S&E)  Laboratories. 
Capitalizing  on  the  design  efforts  completed  by  LAAP,  the  19mm  TSE  was  selected  based  on  its  similar 
split  barrel  design,  similar  processing  capabilities,  and  lower  throughput  rate.  This  machine  was  25  1/d  in 
length,  had  segmented  screws  and  multiple  temperature  control  zones.  The  lower  throughput  rate  of  this 
machine,  nominally  5-10  Ibs/hr,  when  compared  to  the  58mm  TSE,  nominally  75-250  Ibs/hr,  allowed  for 
the  development  and  production  of  smaller  quantities  of  new  energetic  material  formulations.  Working  in 
conjunction  with  B&P  technical  representatives,  Thiokol  S  &E  personnel  converted  the  19mm  TSE  from  a 
plastics  processing  machine  to  one  capable  of  safely  producing  highly  energetic  materials.  Safety 
enhancements  and  modifications  included  design  of  a  remotely  located  control  system,  elimination  of  metal 
to  metal  contact  points,  and  a  complete  replacement  of  the  extruder  drive  motor  system  to  allow  operation 
in  an  explosion  proof  manner. 

The  facility  was  equipped  with  two  solid  feed  systems;  both  manufactured  by  Brabender  Technologies. 

One  of  the  feed  systems  was  a  20mm  twin  screw  gravimetric  loss-in-weight  feeder.  This  system  was 
microprocessor  controlled,  and  used  to  feed  live  molding  powders  to  the  extruder.  The  second  feed  system 
was  a  single  screw  volumetric  feeder  used  to  deliver  an  inert  molding  powder  to  the  extruder.  The  inert 
molding  powder  utilized  the  same  thermoplastic  elastomer  (TPE)  binder  formulation  as  the  live 
formulation,  the  same  level  of  solid  loading  by  mass,  and  the  same  solid  material  particle  size  distribution. 
The  inert  material  was  delivered  to  the  extruder  at  the  same  mass  flow  rate  as  the  live  material  and  was  used 
during  start-up  of  the  process  to  center  the  screws.  The  inert  material  was  also  used  during  shutdown  to 
purge  the  extruder  of  live  material  prior  to  opening  the  equipment  for  cleaning  and  maintenance. 

This  extrusion  system  was  successfully  used  to  process  280  lbs  of  live  TPE  based  gun  propellant.  The 
material  that  was  produced  had  high-density  values,  nominally  99  %  of  the  theoretical  maximum  density  of 
the  formulation,  and  exceptionally  smooth  surface  finishes.  Ballistic  reproducibility  of  the  material  was 
also  found  to  be  excellent. 

However,  despite  the  initial  success  in  extruding  energetic  materials  at  this  facility,  an  incident  occurred 
during  the  processing  of  additional  TPE  based  gun  propellant.  In-process  material  was  ignited  in  the 
discharge  end  of  the  extruder,  and  the  resulting  fire  propagated  along  the  length  of  the  extruder  screws  and 
into  the  feed  chute  used  to  deliver  the  molding  powder  to  the  extruder.  Since  the  feed  chute  was  a  solid 
stainless  steel  tube,  the  fire  easily  continued  to  propagate  to  the  molding  powder  remaining  in  the  hopper. 
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This  molding  powder  rapidly  deflagrated,  causing  significant  damage  to  both  the  feed  system  and  the  rest  of 
the  facility.  The  incident  investigation  led  to  several  recommendations  for  improving  the  system  safety  of 
original  extruder  installation.  These  recommendations  included  use  of  a  more  elaborate  data  collection 
system  that  displayed  trending  of  key  processing  variables  in  real  time,  installation  of  an  IR  thermocouple  at 
the  die  discharge  to  independently  monitor  extrudate  temperature,  and  development  of  a  system  that 
allowed  the  feeder  to  be  isolated  from  the  extrusion  process. 


19mm  Facility  at  M-241 

As  a  result  of  the  processing  incident  involving  gun  propellant,  Thiokol  was  presented  with  the  opportunity 
to  build  a  new  small-scale  extrusion  facility  at  another  more  remote  location.  The  new  location  at  building 
M-241  was  chosen  due  to  its  remote  location  from  the  rest  of  the  plant  and  the  overall  design  of  the  building 
and  control  bunker.  The  M-241  building  was  much  larger  than  the  previous  facility  while  the  control 
bunker  was  an  entirely  separate  building  designed  as  an  earthen  structure  capable  of  withstanding  an 
energetic  event.  The  M-241  building  was  also  tall  enough  to  allow  the  installation  of  a  mezzanine  that 
would  be  used  to  house  feed  systems.  An  additional  benefit  to  choosing  this  facility  was  the  presence  of  all 
utilities,  vacuum  equipment,  and  climate  control  equipment  including  humidity  control. 

Based  on  previous  experience  with  the  initial  1 9mm  TSE  facility,  a  decision  was  made  to  procure  an 
identical,  new  19mm  machine  from  B&P,  as  well  as  a  new  solid  gravimetric  loss  in  weight  feed  system  from 
Brabender  Technologic.  As  with  the  first  facility,  several  safety  enhancements  had  to  be  added  to  the 
extruder  to  allow  processing  of  energetic  materials.  These  enhancements  included  the  addition  of  an  Allen 
Bradley  based  control  system  complete  with  real  time  trending  capability,  elimination  of  metal  to  metal 
contact  points,  and  a  complete  replacement  of  the  extruder  drive  motor  system  to  allow  operation  in  an 
explosion  proof  manner.  Additional  equipment  that  was  installed  in  the  facility  includes  a  second  solid 
gravimetric  feed  system,  two  liquid  gravimetric  feed  systems,  and  a  volumetric  single  screw  feed  system. 
Brabender  Technologic  also  supplied  these  additional  feeders. 


Unique  in  the  installation  of  this  equipment  was  the  development  and  testing  of  a  solid  feeder  isolation 
mechanism^.  Tests  conducted  at  Thiokol  showed  that  using  such  a  mechanism  to  isolate  energetic  material 
feed  equipment  and  feed  streams  from  the  extrusion  processing  equipment  would  greatly  increase  overall 
system  safety.  The  system  installed  in  the  facility  is  shown  diagrammatically  in  Figurel  below. 


Figure  1 :  Diagram  of  Feeder  Isolation  Mechanism. 

The  isolation  system  uses  a  conveyor  located  on  the  mezzanine  to  deliver  raw  material  from  the  feeder  to  a 
funnel  located  approximately  2  feet  from  the  feeder  discharge  on  the  floor  of  the  mezzanine.  Raw  materials 
pass  through  this  funnel  into  a  Velostat  sock  that  discharges  into  a  baffled  feed  funnel.  The  baffled  funnel 
has  three  interior  baffles  that  do  not  allow  the  raw  material  to  travel  in  a  straight  path  downward  into  the 
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extrader.  Additionally,  these  baffles  were  designed  to  direct  any  flame  from  an  extruder  fire  outward  into 
the  processing  bay,  while  minimizing  the  amount  of  flame  that  travels  upward  through  the  Velostat  sock. 
This  feeder  isolation  system  was  tested  using  live  material,  an  old  twin  screw  extruder,  and  a  full  scale 
engineering  prototype  of  the  baffled  funnel,  Velostat  sock,  mezzanine  funnel,  and  conveyor.  In  the  final 
test,  energetic  material  within  the  extruder  was  initiated  using  an  electric  match  and  the  resulting  flame  from 
the  decomposition  of  the  material  did  not  reach  the  raw  material  on  the  conveyor  belt. 

Changes  were  also  made  to  the  fire  detection  system  in  the  M-241  facility.  A  total  of  5  IR  sensing  detectors 
were  used  in  the  new  deluge  system  to  detect  the  occurrence  of  an  anomalous  event.  These  five  sensors 
were  positioned  to  allow  maximum  coverage  of  the  extruder  and  redundant  coverage  of  the  feed  systems. 
The  completed  facility  is  depicted  in  the  photographs  that  comprise  Figure  2. 


Figure  2;  Photographs  of  M-241  19-mm  Twin  Screw  Extrusion  Facility 

In  addition  to  installing  several  safety  enhancements  in  the  M-214  facility,  Thiokol’s  participation  in  the 
Army’s  TIME  program’  allowed  the  installation  of  a  fiber  optic  computer  network  which  allows  remote 
monitoring  of  processing  operations  at  M-241.  The  system  utilizes  two  computers  within  the  control  room 
to  send  both  real  time  processing  and  video  data  to  other  locations  on  the  network.  Currently,  the  additional 
nodes  on  the  network  are  located  at  the  U.S.  Army  ARDEC  facility  in  Picatinnyj  New  Jersey,  and  at  the 
Stevens  Institute  of  Technology  in  Hoboken,  New  Jersey. 


Processing  Results 

The  M-241  facility  became  operational  in  March  of  1998.  Since  that  time,  approximately  1,500  pounds  of 
energetic  material  have  been  extruded  in  this  facility  during  the  completion  of  60  extrusion  runs.  Energetic 
formulations  that  have  been  processed  range  from  TPE  gun  propellants  to  solvent-based  explosives.  The 
longest  extrusion  ran  required  60  hours  to  complete  and  produced  240  lbs  of  TPE  gun  propellant  material. 
All  runs  were  interrupted  on  an  hourly  basis  to  collect  extrudate  and  to  refill  feed  hoppers. 

During  the  course  of  an  extrusion  ran,  several  processing  parameters  are  monitored,  recorded,  and 
presented  in  a  trend  format.  Monitored  parameters  include  screw  speed,  screw  torque,  raw  material  feed 
rates,  die  pressure,  melt  temperature,  barrel  zone  temperatures,  IR  thermocouple  measured  temperature,  and 
vacuum  level.  Data  are  displayed  in  a  real  time  format  on  the  computer  system  used  to  control  the  process, 
while  a  separate  computer  is  used  to  generate  trend  plots  of  the  process  variables  and  to  record  all 
processing  data.  Use  of  a  two-computer  system  allows  for  real  time  temporal  comparisons  of  both 
instantaneous  processing  data  and  trends  with  past  results.  This  system  has  been  advantageous  in  the  design 
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and  optimization  of  different  extrusion  processing  configurations.  Typical  processing  data  from  a  run  that 
produced  a  solvent-based  explosive  are  shown  in  Figure  3. 
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Figure  3:  Data  from  Processing  Run  TSE-241-028 


Extrudate  geometries  that  have  been  produced  include  0.5-inch  diameter,  7  perforation  strands,  solid 
strands  with  a  width  of  approximately  0.8  inches  and  thickness  of  0.2  inches,  and  various  cylindrical  strands 
ranging  in  diameter  from  0.1  inches  to  0.5  inches.  Two  different  methods  have  been  successfully  employed 
to  produce  different  extrudate  geometries.  One  method  involves  the  use  of  a  die  bolted  to  the  exit  plane  of 
a  jacketed  die  block  attached  to  the  end  of  the  extruder.  The  second  method  involves  incorporation  of  the 
die  geometry  within  the  die  block.  All  extrudate  dies  were  designed,  manufactured,  and  tested  by  Thiokol 
personnel. 
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Conclusions 


The  19mm  TSE  facility  at  Thiokol  has  been  used  to  produce  a  large  variety  of  energetic  materials. 
Extrudates  produced  in  this  facility  include  explosives,  gun  propellants,  and  pyrotechnics.  Based  on  this 
processing  experience,  the  following  conclusions  can  be  drawn: 

1. )  The  19mm  TSE  can  be  configured  to  safety  process  energetic  materials.  The  segmented  screw  design 

and  multiple  feed  ports  on  this  machine  allow  for  a  wide  range  of  processing  options.  Vacuum 
application  may  be  used  to  achieve  high-density  products. 

2. )  Employing  a  mechanism  to  separate  the  feed  systems  from  the  extruder  can  significantly  increase  safety 

of  processing  operations.  In  this  facility,  feeder  isolation  is  accomplished  using  a  conveyor  belt,  a 
Velostat  feed  sock,  and  a  baffled  feed  funnel. 

3. )  Using  a  computer  control  system  that  displays  processing  data  in  both  a  real  time  and  a  trend  format 

can  significantly  increase  processing  capability  and  safety. 
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Facility  is  currently  operational  processing  live  materials 
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Selected  Brabender  twin  screw  gravimetric  feeder 
Successfully  processed  280  pounds  of  TPE  gun  propellant 
Thiokol  designed  product  collection  equipment 
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M'56  19mm  TSE 
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Provided  opportunity  to  learn  and  buiid  a  better 
facility 
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energetic  materials  processes 
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•  Computer  based 

•  Real  time  trending  capability 

•  Improved  process  instrumentation 

All  activities  were  undertaken  in  a  parallel  manner 
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Extrusion  Facility  Installation 


M-241  selected  due  to  remote  location,  dedicated 
control  bunker 
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Extrusion  Facility  Installation 

Facility  Design  Activities  -  New  Location 


Area  Opened  on  One  Side  of  Funnel 
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Extrusion  Facility  Installation 


Fire  did  not  propagate  to  feed  hopper 
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Added  IK  thermocouple  to  independently  measure  extrudate 
temperatures 

Direct  coupled  torque  and  rpm  instrumentation  to  drive  shaft 
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Extrusion  Fad  I i  tv  Installation 


M-24 1  Facility  was  completed  and  operational  in  March,  1998 
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Extrusion  Facility  Installation 
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Pyrotechnics 
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Current 


Specific  Action 
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FUZE:  Piezo  Electro 


43rcl 


.  Electrical 


297 


Acts  in  one  direction 
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Diameter  (in  aluminum  case)  29  mm 

Height  (in  case)  39.5  mm 

Weight  (in  case)  60  grams 
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The  detonator  as  the  interface  between 
the  electric  and  the  pyrotechnic  energy 
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Bridge-Wire  Detonators,  the  proven  technology 


Example:  Swiss  Panzerfaust,  Tandem 
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Special  req u irements  for  detonators 


tests  according  to  MIL-  STD  331  &  810 
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Thin  film  technology  as  an  alternative  to 
meet  special  requirements 


Laser  cut  resistance 
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Components:  Detonator  Pole-Piece 
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Bunkerfaust  Dynamit  Nobel  /  Diehl  DM1461 
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NAVAL  SEA  SYSTEMS  COMMAND 


TO  REMOTE 

FIRING  LOCATION  1250  FT) 


NAVAL  SEA  SYSTEMS  COMMAND 


NAVAL  SEA  SYSTEMS  COMMAND 
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NAVAL  SEA  SYSTEMS  COMMAND 
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Delrin  for  Low 
Temperature  Performance 
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Expanded  Cotton  Pellet  C„p  Against  Slider 
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Sandia  National  Laboratories 
Advanced  Military  Systems  Department 
Albuquerque,  New  Mexico  87185-0860 


43rd  Annual  NDIA  Fuze 

Conference 
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Development  Team  &  Contributor 
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Why  an  ESAD? 


programmability 


3 

H-k  • 

c/) 

I— ‘  • 

O 

GO 

CD 

O 
►-*  • 

o 


H-k  • 

N 

o 

h"  • 

CTQ 

a 

o" 

OQ 

1— ^  • 

O 

(TQ 

VJI 

ro 

p 

p 

a. 

CD 

CD 

o 


o 


o 

P 

> 

CD 

s 

(D 

cr 

CD 

H- k  . 

• 

GO 

h^« 

H-A  • 

o 

CfQ 

P 

o 

o 

h-*  • 

o 

h- k . 

a 

fD 

o 

t-t 

V  w 

t3" 

h- k . 

o 

o 

OQ 

P 

p- 

O 

S 

H-k  • 

P 

o 

o 

CD 

344 


Why  an  ESAD  (Cent.) 


DEFINING  THE  GOALS 


Define  New  Technologies  Needed 
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SYSTEM  DESIGN  GOALS 


347 


ENABLING  TECHNOLOGIES 
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VOLUME  GOALS 


1 .25  Cubic  Inches 


FY97  MINIATURE  ESAD 


FY97  ESAD  (TOP) 


FY97  ESAD  (SIDE) 


FY97  ESAD  (BOTTOM) 
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MATERIAL  COST  GOALS 


Total  Component  Cost  =  $1 15.09 
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COMPONENT  COST 
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FUTURE  GOALS 
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Foreseen  Applications  of 
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Foreseen  Funtionalities  of 
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Status  of  THAMES  3.0 


Nations  with  additional  programmer  attachments 
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Government  and  Industrial  organizations  of  NIMIC  member  Nations 
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Qualification  Results  for 
the  Firing  Module  for  the  Common 
Module  ESAF  (C-ESAF) 


Facilities. 
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The  C-ESAF  Was  Developed  in 
Conjunction  with  Lockheed  Martin 


-  Packaged  to  fit 

Functions  after  precursor  WH  detonation 
Functions  in  ARGON  environment 


The  C-ESAF  Meets  the 

Challenaes 


I  riggers  Precursor  Firing  Module 

Triggers  Main  Firing  Module  -  after  tactical 
delay 


The  Electronics  Module 
Drives  the  Firina  Module 


L OCKHEE 


377 


L  OCKHEE 
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EG&G  Designed  the  Firing  Module 


Convert  charge  signal  from  EM 
Initiate  6  different  warhead  configurations 


The  Firing  Module  Design 
Was  Chailenaina 
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The  Firing  Module  Meets  or  Exceeds 
All  Functional  Requirements 


DETONATOR 


The  Firina  Module  Consists 
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The  EFI  is  Insertable  & 


Firing  Moduie  Has  an  EMi 

Shield 


LOCKHEED  MARtTn  IO 


FM  Schematic  Features  Voltage 
Converter  and  Redundant  Bleeders 


SMT  Manual  Soldering 


The  FM  Uses  Surface  Mount  and 
Plated-Through-Hole  Technology 
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Firing  Module  is  Inherently  Safe 


Polyurethane  applied  to  selected  areas 
before  and  after  Parvlene. 


Double  and  Triple  Argon 


FM  Attachment  is  Universal 
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FM  Can  Be  Adapted  to  Fit 

the  BAT 


completely  eliminated. 

More  Design  Verification  Tests  proved 
all  corrective  actions. 


Extensive  Design  Verification 
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^  ^  Maximum 
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Helifire/Longbow,  Javelin,  BAT  Fiight 
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Component  Qualification  for 


